To elucidate the potential role of localized components in the specification of the germ cell lineage we analyzed the composition of the germ plasm in Xenopus laevis oocytes and early embryos with respect to the vegetally-localized RNAs. We focused on Xlsirts, Xcat2, and Xwnt11 transcripts that are localized to the vegetal cortex through a region of the mitochondrial cloud called the messenger transport organizer (METRO) that also contains the nuage or germ plasm. At the ultrastructural level Xcat2 mRNA was detected on germinal granules while Xlsirts and Xwnt11 were associated with a fibrillar network of the germ plasm in stage-1 and stage-4 oocytes. In embryos, we found that all three RNAs remained associated with the germ plasm. Vg1 mRNA, a transcript localized through the late pathway, was excluded from the germ plasm in oocytes and embryos. Addtionally, we detected the protein spectrin within 16 cell nests of germ cells, in a structure reminiscent of the Drosophila spectrosome. Spectrin was detected in the mitochondrial cloud and was found in the germ plasm during embryogenesis. These data indicate that the various RNAs found within METRO and the protein spectrin are integral components of the Xenopus germ plasm with the RNAs being associated with different subcellular structures. They also suggest that the pathway through which RNAs are localized during oogenesis may be an important factor in biasing their distribution into specific cell lineages. The presence of Xwnt11 in the germ cell lineage suggests that a wnt-directed signaling pathway may be involved in germ cell specification, differentiation or migration.
Introduction
A fundamental issue in developmental biology concerns the origin and composition of the germinal plasm which contains the determinant that specifies the germ cell lineage. For many years embryologists have attempted to dissect the functional components that make up this important determinant that is localized to specific regions of eggs and embryos. In the invertebrates, specific structural components such as P granules in C. elegans (Strome and Wood, 1983) and polar granules in Drosophila (Mahowald, 1968) are associated with the germ plasm. In fact, in Drosophila, transfer of the posterior pole plasm (i.e. germ plasm) to an ectopic position induces functional germ cells (Illmensee and Mahowald, 1974; Illmensee et al., 1976) .
The assembly of the germ plasm (pole plasm) within the Drosophila oocyte is dependent upon the proper functioning of a battery of posterior group genes as well as an intact cytoskeletal network (Ephrussi et al., 1991; Pokrywka and Stephenson, 1991; Ephrussi and Lehmann, 1992; Theurkauf et al., 1993; Theurkauf, 1994; Lehmann, 1995) . The integrity and functioning of the polar plasm also requires the presence of two non-coding RNAs GC-1 (Nakamura et al., 1996) and the large subunit of the mitochondrial RNA (Kobayashi et al., 1993) as well as the germcelless (gel) gene product (Jongens et al., 1992) . In addition, there are a number of different transcripts that are components of the insect germ plasm, including cyclin B (Raff et al., 1990) , orb (Lantz and Shedl, 1994) , and hsp83 (Ding et al., 1993a) .
The cells acquiring this specialized oogenic cytoplasm form the pole cells. During gastrulation these cells migrate to the gonadal region, become surrounded by somatic cells, and are incorporated into the embryonic gonads (Warrior, 1994) . In the female, during the larval-pupal transition, the germ cells are partitioned into functional units called ovarioles, which constitute the ovary.
Each ovariole contains a group of germline stem cells. Oogenesis starts in the adult fly when the germline stem cell divides asymmetrically, resulting in the formation of two unequal daughter cells: one of them remains a germline stem cell and the other becomes the cystoblast (Brown and King, 1962; Deng and Lin, 1997; Lin and Spradling, 1997) . The cystoblast goes through four incomplete mitotic divisions which produce a cyst of 16 cystocytes connected by ring canals. One of these cystocytes becomes the oocyte and the other 15 become the nurse cells. The asymmetric division of the germline stem cell and cystoblast are marked by the presence of a spectrin-containing cytoplasmic structure called the spectrosome (Lin et al., 1994; Spradling, 1995, 1997; de Cuevas et al., 1996) . During the consecutive divisions of the cystoblast, the spectrosome grows and develops into the fusome which extends through the ring canals that connect the cystocysts. It is believed that the spectrosome plays a critical role in the orientation of the mitotic spindle and the subsequent organization of microtubule tracks required for the proper localization of gene products that contribute to the fully-differentiated oocyte (Deng and Lin, 1997) .
Although there are similarities in the development and differentiation of the germline between insects and vertebrates, the origin and composition of the vertebrate germ cell determinants or germ plasm is poorly understood. In amphibians, it is known that in full-grown oocytes (Stage 6; Dumont, 1972) germ cell determinants reside at the vegetal cortex (Czolowska, 1969 (Czolowska, , 1972 . It is clear that components that make up the germ plasm at the vegetal cortex originate in the nuage of the mitochondrial cloud (Balbiani, 1864; Henneguy, 1887; Blackler, 1958; Balinsky, 1966; AlMukhtar and Webb, 1971; Coggins, 1973; Billet and Adam, 1976; Tourte et al., 1981; Heasman et al., 1984) . This material translocates to the vegetal cortical region during early stages of oogenesis (stages 1-2).
After fertilization, the germ plasm is acquired by the vegetal-most blastomeres and during the first few cleavages coalesces at the tips of these cells. At the light-microscopy level the region containing the germ plasm appears as a clear yolk-free area. (Bounoure, 1934; Nieuwkoop and Suminski, 1959; Ikenishi and Kotani, 1975; Whitington and Dixon, 1975; Wakahara, 1977) . The aggregation of the germ plasm during the first few divisions requires the functioning of a kinesin-like protein (Robb et al., 1996) and microtubules (Ressom and Dixon, 1988; Savage and Danilchik, 1993) . UV irradiation of this area results in sterile frogs (Bounoure et al., 1954; Smith, 1966; Holwill et al., 1987; Savage and Danilchik, 1993) , while transfer of vegetal cortical cytoplasm from non-treated to UV-irradiated eggs or oocytes restores functional gametes (Smith, 1966) . The specialized cytoplasm within these cells was shown to stain for the presence of RNA (Czolowska, 1969 ) and also to contain several different transcripts and proteins (Nakazato and Ikenishi, 1989; Watanabe et al., 1992; Komiya et al., 1994) . During the morula stage, the germ plasm material moves in the direction of the animal hemisphere within the vegetal blastomeres. It is detected at the blastula within a small number of cells at the floor of the blastocoel. At this time, the putative germ cells appear as large yolky cells that are easily distinguishable from the surrounding cells. Staining with azure blue reveals that the germ plasm has formed a cap surrounding the nucleus of cells at the gastrula stage (DiBerardino, 1961) . Later, these cells reside in the endoderm and actively migrate to the genital ridges at the young larval stage.
At the ultrastructural level, the mitochondrial cloud possesses structures called germinal granules that are similar to the Drosophila polar granules (Al-Mukhtar and Webb, 1971; Mahowald and Hennen, 1971; Coggins, 1973; Billet and Adam, 1976; Tourte et al., 1981; Heasman et al., 1984; Williams and Smith, 1971) . Additionally, they possess a granulo-fibrillar material along with large numbers of mitochondria which comprises the nuage (Heasman et al., 1984) . These structures are also found at the vegetal cortex of stage-6 oocytes.
Analysis at the molecular level shows that in stage-6 oocytes the vegetal cortex contains a group of localized RNAs that include Xcat2 (Mosquera et al., 1993) , Xlsirts (Kloc et al., 1993) , Vg1 (Rebagliati et al., 1985) , Xwnt11 (Ku and Melton, 1993) , and several T-box containing RNAs (Lustig et al., 1996; Stennard et al., 1996; Zhang and King, 1996; Horb and Thomsen, 1997) . Xlsirts, Xcat2, and Xwnt11 are translocated to the vegetal cortex within a region of the mitochondrial cloud called the messenger transport organizer (METRO) during stage 1 of oogenesis, while Vg1 is translocated to the vegetal cortex through a separate pathway during stages 3-4. Xcat2 was shown to segregate with the germ plasm during early cleavage stages (Forristall et al., 1995) ; however neither the association of the other RNAs with the germ plasm nor the interaction of any of the RNAs with specific structural components of the germ plasm has been analyzed. In addition, it is not known whether the vertebrate ovary possesses any structures such as spectrosomes or fusomes that may play a similar role in establishment of the germ line as in Drosophila.
In the present study we analyzed the subcellular distribution of the vegetally-localized RNAs, Xlsirts, Xwnt11, Xcat2, and Vg1 with respect to the germ plasm in oocytes and embryos. In the oocyte mitochondrial cloud, Xcat2, Xlsirts and Xwnt11 were found in the germ plasm; however, only Xcat2 mRNA was detected on germinal granules, while Xlsirts and Xwnt11 were associated with fibrillar structures. In embryos we found that all three RNAs localized through the METRO pathway continued to associate with the germ plasm to various degrees. Also, we showed that in 16 cell nests during early oogenesis there is a structure located to one side of the nucleus of each germ cell that is rich in spectrin protein. This structure is reminiscent of the Drosophila spectrosome. During oogenesis, spectrin was detected throughout the mitochondrial cloud and was found in the germ plasm in embryos. These data indicate that the various RNAs found within METRO are integral components of the germ plasm but are associated with different subcellular structures. They also demonstrate the presence of a spectrosome-like structure in Xenopus oocytes and suggest that the protein spectrin may be involved in the organization of the germ plasm.
Results

RNAs that localize within the METRO are associated with different structures
We have previously shown that there are two pathways for the localization of RNAs at the vegetal cortex. One of these, the early or messenger transport organizer (METRO) pathway, localizes Xlsirts, Xwnt11, and Xcat2 RNAs during stage 1 of oogenesis through a region of the mitochondrial cloud (Kloc et al., 1993; Etkin, 1994, 1995; Forristall et al., 1995) . In addition to these RNAs, the mitochondrial cloud contains materials characteristic of the germ plasm such as germinal granules, granulo-fibrillar material and large numbers of mitochondria, which constitute the nuage (Heasman et al., 1984) . The second, or late, pathway utilizes a novel mechanism involving the endoplasmic reticulum and microtubules (Deshler et al., 1997; Etkin, 1997; Kloc and Etkin, 1998) to localize RNAs such as Vg1 during stages 2-4 (Yisraeli and Melton, 1988; Yisraeli et al., 1990) . The late-pathway RNAs are not associated with the germ plasm during the process of localization in oocytes; however once anchored at the vegetal cortex, they overlap the region containing the germ plasm components.
We were interested in characterizing the association of the METRO-localized RNAs with specific structures within the mitochondrial cloud at the ultrastructural level.
Therefore, we performed electron-microscopy in-situ hybridization on whole-mounts of oocytes using biotinlabeled RNA probes which were detected with a secondary antibody conjugated to nanogold particles (1.4 nm in diameter) followed by enhancement with silver. This was followed by embedding, sectioning and visualization using the EM (see Section 4).
In the light microscope the mitochondrial cloud of stage-1 oocytes appears as a spherical structure in close proximity to the germinal vesicle. Xcat2, Xlsirts, and Xwnt11 RNAs are detected by in-situ hybridization at the very tip or METRO region of the cloud (Kloc and Etkin, 1995) . Fig. 1a is a lowpower EM micrograph of an in-situ hybridization analysis with the Xcat2 probe, showing the presence of large numbers of mitochondria with no signal and large electron-dense particles that were heavily labeled with silver-enhanced gold particles. These structures were only detected within the METRO region of the cloud and were absent in areas more interior towards the germinal vesicle (GV). At higher magnification these labeled structures were identical to the germinal granules that comprise the germ plasm in amphibians (Fig. 1b,c) (Mahowald and Hennen, 1971; Williams and Smith, 1971; Heasman et al., 1984) . It is clear that the Xcat2 mRNA is preferentially associated with the germinal granules in stage-1 oocytes. Thus, it appears that the germ plasm components of the cloud are located within the METRO RNA-containing region and that the majority of Xcat2 mRNA is associated with these structures.
The next question that we addressed is whether or not Xcat2 mRNA remained associated with the germinal granules after it was anchored at the vegetal cortex in stage-4 oocytes. Fig. 2a shows a low-magnification view of the vegetal cortex within the region of the disk-like structure that forms when the mitochondrial cloud and the METROassociated RNAs are at the cortex. This region contains large numbers of mitochondria, vesicles, and various granular structures which did not contain Xcat2 mRNA. More importantly, we still detected Xcat2 mRNA associated with the germinal granules when anchored at the cortex (Fig. 2b) . Interestingly, at this stage we detected large numbers of mitochondria surrounding each of the germinal granules, as observed in Heasman et al. (1984) . Therefore, it is clear that throughout early oogenesis when Xcat2 mRNA resides in the METRO or when it is being transported and anchored at the cortex it remains associated with the germinal granules.
Xwnt11 and Xlsirt RNAs are detected within the germ plasm in oocytes but are not associated with the germinal granules
We previously showed that Xlsirts and Xwnt11 are also located within the METRO region of the cloud but that they sort into different domains than Xcat2 (Kloc and Etkin, 1995) . Therefore, we wanted to know if they also were associated with the germinal granules or other structures at the ultrastructural level. Fig. 3a shows an EM in-situ hybridization analysis of Xwnt11 mRNA in stage-1 oocytes. We found that the majority of Xwnt11 mRNA was within the germ plasm, but was not associated with the germinal granules. Instead, Xwnt11 appeared to be associated with a fibrillar network contained within this region. Likewise, Xlsirts were also associated with fibrillar network rather than the germinal granules in stage-1 oocytes (data not shown). We cannot directly compare this fibrillar network with the material described by Heasman et al. (1984) since different methods of fixation were used. However, we will refer to the structures seen in our EM analysis as a fibrillar network, although their composition is not clear. Fig. 3b shows that in stage-4 oocytes, when Xlsirts are anchored at the vegetal cortex, they remained distinct from the germinal granules and were still associated with the fibrillar network. The same was true for Xwnt11 (data not shown). Thus, it is clear that the three METRO-localized RNAs are located within the germ plasm of the mitochondrial cloud but are associated with different structural components. Xcat2 is associated with the germinal granules while Xlsirts and Xwnt11 are associated with fibrillar network during transport and when anchored at the cortex. Forristall et al. (1995) showed that Xcat2 is localized within the germ plasm in early cleavage-stage embryos; however, the fate of the other METRO-localized RNAs Xlsirts and Xwnt11, and late localizing RNA, Vg1, in eggs and embryos is not known. We therefore analyzed the fate of these RNAs in unfertilized eggs and cleavage stage embryos using in-situ hybridization.
RNAs localized through the METRO pathway remain associated with the germ plasm in embryos, while Vg1 does not
Analysis at the light-microscopic level showed that, in whole-mounts, Xlsirts and Xcat2 were easily detected from the first until the fourth cleavage (Fig. 4A,C) . At first cleavage both are dispersed in a disk-shaped structure which coalesced into a tight aggregate by second cleavage (Fig. 4A,C) . Xwnt11 was not easily detected on wholemounts until the second or third cleavage stages, when it becomes concentrated at the tips of the blastomeres (Fig.  4B ).
In sections of unfertilized eggs, Xlsirts and Xcat2 RNAs were detected within the cortex as large aggregates spread over the vegetal pole region (Fig. 5A,B) . This represents the RNAs within the disk-shaped structure shown in the wholemount (Fig. 4A,C) . During first and second cleavage stages Xlsirts (Fig. 5C,D) and Xcat2 (Fig. 5E ) RNAs have coalesced into tight aggregates that were at the tips of the vegetal blastomeres. At fourth cleavage, these RNAs were detected along the membrane of the vegetal blastomeres (Fig. 6A,B) . In addition, by fourth cleavage we could also detect Xwnt11 in a tight aggregate in a similar location (Fig.  6C) . The localization of these RNAs is identical to that of the germ plasm (Dixon, 1981) . The major difference between these RNAs is that the titer of Xlsirts and Xcat2 was greater within the germ plasm than that of Xwnt11. Vg1, on the other hand was excluded from the germ plasm in embryos (Fig. 6D) as it was excluded from the mitochondrial cloud in oocytes (Kloc and Etkin, 1995) . These results are important since they show that there are distinct differences between the fates of vegetally-localized RNAs such that Xcat2, Xlsirts, and Xwnt11 remain associated with the germ cell lineage while Vg1 is excluded. Perhaps this indicates that the pathway through which they localize dictates their association with a specific embryonic lineage.
Xlsirts and spectrin localize to a structure in early meiotic oocytes similar to the Drosophila spectrosome
It is important to define the initial steps in the organization of the germ plasm during oogenesis. With this in mind, we analyzed the first time point at which we could detect Xlsirts, Xcat2, and Xwnt11 RNAs. Fig. 7A shows a hematoxylin-and-eosin-stained section of a 16-cell nest when the oocytes have just finished mitotic divisions and are beginning to undergo the initial stages of meiosis. Within the individual germ cells, one can see the region adjacent to the nucleus that comprises the mitochondrial aggregate, which is a precursor to the mitochondrial cloud seen in stage-1 oocytes. In-situ hybridization with an Xlsirts probe showed that Xlsirts were localized to a structure directly adjacent to the nucleus, which could be the initial mitochondrial aggregate (Fig. 7D) . The mitochondrial aggregate contains the remnants of the centrosome used previously during the mitotic divisions of the oogonia to produce the 16-cell nest (reviewed in Klymkowsky and Karnovsky, 1994) . This structure remains associated with the mitochondrial cloud that forms the METRO (Kloc and Etkin, 1998) . In-situ hybridization with Vg1 and Xwnt11 probes showed that these RNAs, while present, were not localized to any specific structure within the early meiotic oocytes (data not shown). Therefore it appears that Xlsirts are the earliest detectable RNA that is localized to a specific structure within oocytes.
Interestingly, this Xlsirt-containing region, which might also possess the remnants of the centrosome, would be very similar to that of the spectrosome in the 16-cell cysts of the Drosophila ovary. In Drosophila the spectrosome is rich in spectrin; therefore, we performed immunostaining with several different spectrin antibodies. One of these was against chicken a spectrin ( Giebelhaus et al., 1987) while the other was against a mixture of a and b spectrin from human erythrocytes. Fig. 7B ,C shows that the anti-spectrin antibody against human a and b spectrin proteins also localized to a region. similar to the Xlsirt within the 16-cell nests. This was true also of the chicken a spectrin antibody (data not shown). Immunoblots of variously-staged oocytes using both antibodies showed that the chicken spectrin antibody recognized a single protein at 240 kDa (a spectrin) while the human spectrin antibody recognized a single band at approximately 220 kDa (b spectrin). This result suggests that the Xenopus ovary possesses a spectrin-rich structure that may be homologous to the Drosophila spectrosome. This will of course require further confirmation.
Spectrin is a major component of the germ plasm during oogenesis and in the embryonic germ cell lineage
We analyzed the spectrin containing structure in different Fig. 4 . Whole-mount in-situ hybridization analysis of Xlsirts, Xwnt11 and Xcat2 in early embryos. (A) In situ hybridization using a probe for Xlsirts showing it located at the tips of blastomeres in early embryos (arrows point to Xlsirt RNA). (B) In-situ hybridization using a probe for Xwnt11. Xwnt11 is difficult to detect until the 8-cell stage. (C) In-situ hybridization using probe for Xcat2. Bar, 150 mm. In all panels, the upper left embryo is at first cleavage, the upper right embryo is at late first cleavage, the lower embryos are at fourth cleavage (16 cells). stage oocytes and embryos by immunostaining. Fig. 8a shows that spectrin was detected throughout the mitochondrial cloud in stage-1 oocytes. At the ultrastructural level we saw that the spectrin antibody labels the fibrillar network but did not label the germinal granules (Fig. 8b) .
In unfertilized eggs small foci of spectrin were localized at the vegetal cortex overlapping the region of the METROlocalized RNAs (Fig. 9A) . After fertilization, large aggregates of spectrin were seen in the cortex in a pattern similar to that of Xlsirt and Xcat2 RNAs (Fig. 9B) . Spectrin protein was segregated within the germ plasm at the tips of the blastomeres during the first few cleavages, after which it was detected along the membranes of the vegetal blastomeres (Fig. 9C,D) as was Xlsirt and Xcat2 RNAs. In these experiments we used alkaline phosphatase in the color reaction; however because of reports in mammals that germ cells contain alkaline phosphatase activity we repeated these experiments using horseradish-peroxidase staining for the color reaction with identical results (data not shown). These results indicate that spectrin or a spectrin-like material is first detected within the early germ cells of the ovary in a spectrosome-like structure. Spectrin remains with the germ plasm, segregates into the germ cell lineage at early cleavage.
Discussion
In the present study we have shown that the vegetal cortex of Xenopus oocytes contains a number of components, including the RNAs, Xcat2, Xlsirts, Xwnt11, Vg1 and the protein spectrin that are localized through the METRO and late pathways. Xlsirts, Xcat2, Xwnt11 and spectrin are incorporated predominantly into the future germ cell lineage, while Vg1 is excluded from the germ plasm. From the limited number of RNAs analyzed, it appears that all of the RNAs localized to the vegetal cortex through the METRO pathway are incorporated into the germ plasm (Xcat2, Xlsirts, and Xwnt11), while RNAs such as Vg1 that are localized through the late pathway are excluded from the germ plasm. Additionally, the protein spectrin which is enriched in the mitochondrial cloud and also is a component of the germ plasm. Whether this is a general principle or not will be resolved as the embryonic fates of more localized RNAs are analyzed. It does, however, suggest that the pathway through which the RNA or protein is localized to the cortex is an important factor in biasing the embryonic cell lineage into which it will be incorporated.
During oogenesis we found that the germ plasm is not spread out throughout the entire mitochondrial cloud, but is limited to the tip of the mitochondrial cloud corresponding to the METRO region (Kloc and Etkin, 1995) . The three METRO associated RNAs, Xlsirt, Xwnt11 and Xcat2, while found within this region associate with different structures. Xcat2 is found tightly-packaged within the germinal granules, while Xwnt11 and Xlsirts were associated with a fibrillar network. Since we know that the cloud is rich in spectrin, we speculate that Xlsirts and Xwnt11 are associated with the spectrin matrix; however attempts at co-localization using in-situ hybridization and immunostaining at the EM level were unsuccessful, therefore we could not yet demonstrate this directly. However, we can conclude that at least one of the RNAs, Xcat2, is associated with the germinal granules. In embryos, we found that Xlsirts and Xcat2 RNAs remain associated with the germ plasm from maturation through the 16-cell stage when the future germ cell lineage has formed. Xwnt11 was not detected by whole-mount insitu hybridization at high levels in the germ plasm of embryos until the second cleavage stage. We suspect that this was due to its being present at a lower level and was not detectable until it aggregated at the tips of the blastomeres. It is formally possible that it is released from the cortex and then reassembles within the germ plasm at this time. Spectrin remains associated with the future germ plasm throughout oogenesis and early development and was detected, like germ plasm, in a perinuclear position throughout early embryogenesis. In fact, we can detect spectrin within a specific cell lineage in stage-34 embryos when the germ cells begin to migrate toward the site of the future gonad (Kloc and Etkin, unpublished data) .
We also attempted to analyze the origin of the germ plasm components during the earliest stages of oocyte formation. Interestingly, we discovered the presence of a structure reminiscent of the Drosophila spectrosome that contains a spectrin-like antigen. This structure also contains Xlsirts and, as shown previously, the remnants of the centrosome (reviewed in Klymkowsky and Karnovsky, 1994; Kloc and Etkin, 1998) . In Drosophila, spectrin is required for germline division and differentiation in the ovary (De Cuevas et al., 1996) . It is first detected within a structure called the spectrosome, located within the germline stem cell which also contains an adducin-like protein hu-li tai shao (Hts) and ankyrin (Ding et al., 1993b; Lin et al., 1994; Lin and Spradling, 1995) .
Both the Drosophila germline stem cell and its daughter, the cystoblast, possess a spectrosome structure. The spectrosome also contains the Bam gene product, which segregates asymmetrically during cytoblast division and is required for cystoblast differentiation (McKearin and Ohistein, 1995) . The cystoblast undergoes four rounds of incomplete cytokinesis which produces cells (cystocytes) that are connected by cytoplasmic bridges called ring canals within a germline cyst. One of the 16 cells within the cyst is designated the oocyte while the other 15 cells are nurse cells. The oocyte is supplied with materials synthesized in the nurse cells through the ring canals by a microtubule dependent mechanism. It is believed that the microtubules originate within the oocyte (Mahowald and Strassheim, 1970; Theurkauf et al., 1993) . Within the ring canals is another spectrin-rich structure that may have developed from the spectrosome called the fusome. It is believed that the asymmetric cystocyte divisions are the result of the interaction of the fusome and spindle pole during mitotic division and that this interaction may be mediated by dynein (McGrail and Hays, 1997) . Therefore, it will be extremely interesting to determine if the spectrin containing structure that we detected within the Xenopus 16-cell nest is similar in structure and function to the Drosophila spectrosome and fusome.
In addition to detecting spectrin within early meiotic oocytes and in the mitochondrial cloud we also detected it within the germ plasm of the full-grown stage-6 oocyte, unfertilized egg and in the germ cells of the embryo through to stage 34. There are other examples of spectrin being detected in germ cells and embryos of sea urchin and mice (Schatten et al., 1986) . It is intriguing to speculate that perhaps this protein is maintained within the cytoplasm throughout the life-cycle of the germ cell from early meiotic cells in the 16-cell nest; throughout oogenesis in the mitochondrial cloud; within the germ plasm of the germ cells in the embryo; in the primordial germ cell; and finally in the oogonia and/or spermatogonia. While there is no indication as to the role that it may have in this process it is possible that it is a structural component of the germ plasm and maintains the integrity of the components within this specialized cytoplasm. In addition, it may function in oocyte growth and differentiation or in the organization of a polarized microtubule based RNA transport system as it does in Drosophila (Deng and Lin, 1997) . Attempts to interfere with spectrin function in the embryo by injection of antispectrin antibodies were not successful (Kloc and Etkin, unpublished data) .
It is interesting that in oocytes at the EM level, Xwnt11 and Xlsirts were associated with the fibrillar network found between germinal granules and mitochondria while Xcat2 was associated with the germinal granules. However, following maturation all of the RNAs remained associated with the germ plasm. On the other hand, Vg1 mRNA, was excluded from the mitochondrial cloud in oocytes and also from the germ plasm in embryos even though it was associated with the vegetal cortex. These results suggest that the pathway through which specific RNAs are localized may dictate the embryonic cell lineage with which they will associate. The fact that Xwnt11 remained associated with the germ cell lineage was unexpected, since it was believed to be involved in dorsal/ventral patterning of the mesoderm (Ku and Melton, 1993) . Perhaps it may also function in a wnt-directed pathway involved in germ cell specification and/or differentiation. Thus, the analysis of germ plasm components and their organization will be important in our understanding of how this determinant functions in the establishment of the germ line cell lineage and the other roles that these components may play during oogenesis and embryogenesis.
Experimental procedures
Xenopus oocytes and embryos
Ovaries from 2-4 cm Xenopus laevis females were removed from anesthetized frogs. They were either fixed directly for histology and immunostaining or they were first collagenased, and then fixed for in-situ hybridization. To obtain unfertilized eggs and embryos, females were injected with 800 IU of human chorionic gonadotropin (ICN). After fertilization, embryos were fixed at different stages for in-situ hybridization or immunostaining.
Immunostaining
Ovaries were fixed in 4% formalin in PBS for 1 h at room temperature and then overnight in 100% methanol at −20°C. Unfertilized eggs and embryos were fixed overnight in 100% methanol at −20°C. In some instances, specimens were fixed in Bouins fixative for 2 h. After the fixation, samples were cleared in Histoclear (National Diagnostics) embedded in paraplast and sectioned at 10 mm.
Deparaffinated and hydrated sections were blocked for 30 min in 0.1% BSA in PBS 0.05% Tween and then incubated with anti-Spectrin antibody at 1:50 dilution in 1% BSA in PBS-Tween. Spectrin antibodies were: human a and b spectrin monoclonal antibody S9645 from Sigma (St. Louis, MO) and chicken or fodrin polyclonal antibody (gift from R. Moon, University of Washington, Seattle). Slides were than washed twice (10 min each) in PBSTween and incubated with either anti-mouse or anti-rabbit secondary antibody conjugated with alkaline phosphatase or fluorescein (from BMB) at a 1:200 dilution in 1%BSA in PBS-Tween. After washing twice (10 min each) in PBSTween, slides were stained with NBT/BCIP substrate in G3 substrate buffer (BMB). We also used secondary antibodies conjugated with horse radish peroxidase (HRP). In this case, before blocking, slides were treated with 6% H 2 O 2 for 15 min to remove endogenous peroxidase activity. The staining reaction contained 1× DAB solution in 1× substrate buffer (BMB). For general histological analysis sections were stained with hematoxylin and eosin (Sigma) according to manufacturers instructions.
Light microscopy in-situ hybridization
Fragments of ovaries, unfertilized eggs and embryos were fixed in MEMFA. The whole-mount in-situ hybridization procedure with digoxigenin-labeled antisense RNA probes for Xlsirts, Xcat2, Vg1, and Xwnt11 was performed as described previously (Kloc and Etkin, 1995) . After staining, the samples were postfixed in MEMFA, and dehydrated in 100% methanol. Some of the samples were than cleared in Histoclear, embedded in paraplast and sectioned at 10 mm.
EM procedures
Collagenased oocytes were fixed for 1 h at room temperature in EM fixative containing: 4% formalin, 0.1% glutaraldehyde (Ted Pella, Redding, CA), 100 mM KCl, 3 mM MgCl 2 ,10 mM Hepes, 150 mM sucrose and 0.1% Triton X-100.
EM in-situ hybridization
Whole-mount in-situ hybridization with biotin-labeled antisense RNA probes for Xcat2, Xlsirt, Vg1 and Xwnt11 was done without Proteinase K treatment but otherwise exactly as described in Kloc and Etkin (1995) . After the post-hybridization washes and blocking in G2 buffer (BMB), oocytes were incubated overnight at 4°C with streptavidin-nanogold conjugate (1.4 nm) (Nanoprobes, Stony Brook, NY) at a 1:500 dilution in G2 buffer. Oocytes were then washed four times (15 min each) in PBS-0.05% Tween, and postfixed in 2% glutaraldehyde in PBS-Tween for 20 min at room temperature. After washing in water (three times, 15 min each) oocytes were silver-enhanced using Light Insensitive Silver Enhancer kit (Nanoprobes) according to the manufacturer's protocol. The development of the silver precipitate was monitored under the microscope and stopped when the hybridization signal acquired a very dark brown color Oocytes were extensively washed in water (three times, 10 min each) and postfixed in EM fixative containing 2% glutaraldehyde. Postfixed oocytes were then stained in 0.5% uranyl acetate and embedded in Epon for electron microscopy. Sections were cut at 70 nm, stained for 5 min in 1% aqueous uranyl acetate and 2 min in 1% aqueous lead citrate at room temperature. The sections were examined using a JOEL 1200 EX transmission electron microscope.
EM immunostaining
In order to increase the permeability of the oocytes for antibody, oocytes were treated exactly as for in situ hybridization with the omission of the probes in the hybridization buffer, and instead of incubation with streptavidin -nanogold they were incubated with spectrin antibody at 1:50 dilution in G2 buffer overnight at 4°C. After washing in PBS-Tween (three times, 15 min each) oocytes were incubated with antimouse nanogold conjugate (Nanoprobes) at a 1:500 dilution in G2, overnight at 4°C. The next day, samples were washed and silver-enhanced as described above. After the postfixation oocytes were Epon-embedded for electron microscopy and sectioned at 70 nm.
